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Abstract
It is shown on a simple classical model of a quantum particle at rest
that information contained into the quantum state (quantum information)
can be obtained by integrating the corresponding probability distribution
on phase space, i.e. by reduction of the information contained into the
classical state.
1.A physical theory must give specification of three items: a) state space,
b) observables, and c)the value of an observable in a given state.For example
in the classical model state space is the phase space of the system,observables
are smooth real functions on phase space,and the value of the observable A in
a state (q, p) is A(q, p).In general however the phase space point is not known
and the information about the real state (classical information)is given by a
phase space distribution ρ(q, p).In this case one can predict only the mean value
(expectation)of the observable
〈A〉 =
∫
A(q, p)ρ(q, p)dqdp (1)
Thus it is reasonable under a (classical) state to understand not a point in phase
space but rather a probability distribution on it.Then instead about the value
of an observable in some state one should speak about the mean value of the
observable in that state.
In the quantum model the state space is a Hilbert space,the information
about the state (quantum state)is represented by a density operator ,i.e a positive
operator ρ satisfying trρ = 1,observables are Hermitian operators, and the mean
value of the observable A in state ρ is given by the Born rule
〈A〉 = trAρ (2)
.
Our aim in the present note is ,using the simple model of a quantum particle
given in a previous work [1], to show that ,in fact, the quantum state can be
obtained by integrating of the classical one .
2.As a model of a quantum particle at rest we consider a d = 2s + 1 -
dimensional oscillator ,where s is the spin of the particle.The mass and the
frequency of the oscillator are taken equal to unit. The coordinates qn, (n =
1, 2, . . . , d) of the oscillator describe the microscopic (unobservable) deviation
1
from the rest position.If pn are the corresponding momenta,and energy is as-
sumed to be E = h¯ω/2 = h¯/2 then the phase space trajectory is given by the
equation
d∑
n=1
(p2n + q
2
n) = h¯ (3)
Introducing new coordinates and momenta , viz. xn = h¯
−1/2, yn = h¯
−1/2, ψn =
xn + iyn we can rewrite Eq.(1) in the form
∑
n
ψ∗nψn = 1 (4)
Now using the same techniques as in Ref.1 we can show that arbitrary observable
generating canonical transformation that preserve Eq.(4) is a hermitian form:
A(ψ∗, ψ) = h¯
∑
n
Anmψ
∗
nψn (5)
Here Anm is a Hermitian matrix completely determining the observable.
3.Let ρ(ψ∗, ψ) is the probability distribution of phase space coordinates, and
dΩψ = (d− 1)!δ(1− ψ
∗ψ)dψ∗dψ (6)
is the normalized measure over the unit sphere (4) [2].Then, applying Eq.(1)
taken in the form
〈A〉 =
∫
A(ψ∗, ψ)ρ(ψ∗, ψ)dΩψ (7)
we obtain
〈A〉 =
∑
n,m
Anmρmn (8)
where
ρmn = h¯
∫
ψ∗nψmρ(ψ
∗, ψ)dΩψ (9)
In fact we obtained the Born rule in its most general form.
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